ABSTRACT Toll-like receptors mediate immune responses via recognition of pathogen-associated molecular patterns. Polymorphisms of toll-like receptors may affect their recognition of pathogen-associated molecular patterns, leading to varied host resistance to pathogenic infections. However, little is known about the polymorphisms of chicken toll-like receptors (ChTLR) among breeds. In this study, we cloned ChTLR2 type 1 and type 2 genes from 7 chicken breeds and analyzed their sequences. It was found that there were 10 amino acid polymorphism sites in ChTLR2 type 1 and type 2, among which 6 sites were in type 1 (5 sites in the extracellular domain and 1 site in the cytoplasmic domain) and 4 sites were in type 2 (all 4 sites in the extracel-
INTRODUCTION
Toll-like receptors (TLR) play a crucial role in the host immune response via recognition of pathogenassociated molecular patterns (PAMP), including lipopolysaccharides, lipopeptides, flagellins, dsRNA, or CpG DNA motifs (Jin and Lee, 2008) . So far, at least 10 members of the chicken (Ch) TLR family have been identified, including TLR1 type 1 and type 2, TLR2 type 1 and type 2, TLR3, TLR4, TLR5, TLR7, TLR15, and TLR21 (Fukui et al., 2001; Yilmaz et al., 2005; Temperley et al., 2008) . Chicken TLR2 was first identified in 2001 and is divided into 2 different types, ChTLR2 type 1 and ChTLR2 type 2; ChTLR1 is divided in a similar fashion (Fukui et al., 2001; Yilmaz et al., 2005) , and ChTLR2 type 1 and type 2 are both homologous to human TLR2. That may result from gene duplication (Beutler and Rehli, 2002) .
The ChTLR2 cluster is located on chromosome 4, and both type 1 and type 2 are expressed in almost all tissues (Iqbal et al., 2005) . In humans, TLR2 forms a heterodimeric complex with TLR1, which increases their ability to recognize ligands, such as lipids or proteins, of extracellular pathogens and several synthetic peptides, such as N-palmitoyl-S-dipalmitoylglyceryl cys-ser-(lys)4 (Jin et al., 2007; Keestra et al., 2007; Jin and Lee, 2008) . In addition, the TLR2 family cluster may be involved in the recognition of other unidentified ligands (Jin and Lee, 2008 ). There are a few studies focused on the identification of ChTLR2 type 1 and type 2 that report that ChTLR2 type 1 cooperates with ChTLR1 type 2 to recognize peptidoglycan and lipoprotein with high efficiency (Fukui et al., 2001; Keestra et al., 2007; Higuchi et al., 2008) .
Toll-like receptor polymorphisms may have a profound influence on host cell responses to a pathogenic infection, and they may be associated with disease resistance or susceptibility (Misch and Hawn, 2008; Hawn et al., 2009) . In humans and mice, TLR2 is associated with susceptibility to bacterial infections. It was found that TLR2 genetic polymorphism influences suscepti- bility to pulmonary tuberculosis (Chen et al., 2010) . In addition, the R753Q polymorphic site of TLR2 also influences the speed of progression from infection to pulmonary tuberculosis disease in children (Dalgic et al., 2011) . Similarly, the same polymorphic site of TLR2 is associated with the recognition of hepatitis C virus core and nonstructural proteins in humans (Brown et al., 2010) . Furthermore, polymorphisms of the TLR2 promoter and intron2 are associated with increased risk of spontaneous bacterial peritonitis in liver cirrhosis (Nischalke et al., 2011) . These findings suggest that a TLR polymorphism is associated with the susceptibility of hosts to diseases. Although it is well-known that the susceptibility of chickens of different genetic backgrounds to pathogenic infection varies, little is known about the specific genetic factors contributing to that susceptibility. Based on the above information, we hypothesize that ChTLR2 type 1 and type 2 genes may be polymorphic and affect chicken susceptibility.
MATERIALS AND METHODS

Chicken Breeds
We chose 7 chicken breeds, including Hy-Line variety brown layers, China Beijing White 939 layers, China Nongda No.3 layer chickens, Luhua meat chickens that originated from American Plymouth Rock, Royal meat chickens that are used in chicken wings and legs with brown sauce, China Beijing Fatty chickens, and Laiwu Black chickens, which are characterized by their shape and good meat quality. All chickens used in this study were obtained from the Beijing Poultry Breeding Center (China). Four individual repeats were collected in each breed. All procedures were approved by the Animal Care and Use Committee of the China Agricultural University (Beijing, China).
Molecular Cloning of Chicken TLR2 Type 1 and Type 2
Total RNA was obtained from the spleen using TRIzol (Invitrogen, Carlsbad, CA), following the manufacturer's protocol, and used for complementary (c) DNA synthesis. The 20-μL reaction mixture contained 5 μg of total RNA, 0.5 μg of oligo dT primer (16-18 mer), 40 U of RNasin, 1,000 μM deoxynucleotide triphosphate mix, 10 mM dithiothreitol, and 5 U of M-MLV reverse transcriptase (Promega, Madison, WI) in 1× reverse transcriptase buffer. The reaction mixture was incubated at 37°C for 1 h. The cDNA synthesis was confirmed by amplifying the β-actin amplicon in PCR. One pair of primers used to amplify the full open reading frame were designed based on the consensus TLR1 mRNA sequences of Gallus gallus TLR2 type 1 (NM_204278) and Gallus gallus TLR2 type 2 (NM_001161650.1): type1 primer forward, 5′-CTGGAAAGGCTCTTGCTCATCA-3′, reverse, 5′-CACTGACCATTGTGGAAATACACTG-3′; type 2 primer forward, 5′-ATGCATACTTGGAAAAT-GTGGGC-3′, reverse, 5′-CTACGATTTTAGAGCT-GCTTTCAAGTT-3′. The ChTLR2 type 1 and type 2 gene were amplified by PCR using the synthesized cDNA as a template. The reaction conditions for PCR amplification were identical for both type 1 and type 2. The 25 μL PCR reaction contained 50 pmol of both forward and reverse primers, 2 μL of template cDNA, 200 μM of deoxynucleotide triphosphate mix, and 2.5 U of Pfu DNA polymerase (Promega) in 1× Pfu DNA polymerase buffer. Amplification conditions were as follows: initial denaturation at 94°C for 2 min, 35 cycles at 94°C for 30 s, annealing at 56°C to 60°C for 30 s, and extension at 72°C for 5 min, followed by a final extension at 72°C for 10 min. The PCR amplicons verified by 1% agarose gel electrophoresis were purified and ligated into a pEASY-Blunt simple cloning vector (TransGen, Beijing, China) following the manufacturer's instructions. Recombinant plasmids were verified by PCR using gene-specific and vector primer pairs. The ChTLR2 type 1 and type 2 gene inserts in recombinant plasmids were sequenced from both ends using an ABI 3730XL sequencer (Sinogenomax Co. Ltd, Beijing, China).
Sequence Analysis
Nucleotide and amino acid sequences of ChTLR2 type 1 and type 2 were aligned with the analysis software MegAlign (DNAstar Inc., Madison, WI). The extracellular, transmembrane, and cytoplasmic domains of these protein sequences were detected with the analysis tools provided at the web site (http://smart.emblheidelberg.de). Nucleotide and amino acid sequences of avian TLR were aligned with MEGA4 software. The crystal structure of the extracellular domain of ChTLR2 type 1 and type 2 was predicted by CPHmodels 3.0 Server (www.cbs.dtu.dk). Amino acids corresponding to nonsynonymous polymorphic sites in the extracellular domain were visualized by PyMOL v0.99.
Nucleotide Sequence Accession Number
The coding sequences for the ChTLR2 type 1 and type 2 have been deposited in GenBank (http://www. ncbi.nlm.nih.gov/genbank/). The accession numbers for type 1 and type2 are JN544168 and JN544175 for the Royal chicken, JN544167 and JN544174 for the Beijing White 939 chicken, JF JN544169 and JF JN544176 for the Laiwu Black chicken, JF JN544170 and JF JN544177 for the Hy-Line variety brown chicken, JF JN544171 and JF JN544178 for the Luhua chicken, JF JN544172 and JF JN544179 for the Nongda No.3 chicken, and JF JN544173 and JF JN544180 for the Beijing Fatty chicken.
RESULTS AND DISCUSSION
The ChTLR2 type 1 and type 2 genes are located on chromosome 4 (Table 1 ). The full-length open reading frame of type 1 is 2,382 nucleotides that encode 794 amino acids, whereas type 2 contains 2,199 nucleotides that encode 733 amino acids. The predicted results also show that 597 and 536 amino acids are located in the extracellular domain of type 1 and type 2, respectively. Both type 1 and type 2 have 175 amino acids in the cytoplasmic domain. Using analysis software, we predicted that the ChTLR2 type 1 and type 2 genes are type I transmembrane proteins, both with a large extracellular domain composed of leucine-rich repeats (LRR) flanked by C-terminal cap motifs, a transmembrane domain, and a cytoplasmic toll/interleukin-1 receptor (TIR) domain (Figure 1 ). Similar to human or mouse LRR, the LRR of chickens are motifs of 20 to 30 amino acids in length that fold into a horseshoe shape and are involved in the recognition of PAMP, mostly via interaction with other proteins (Jin and Lee, 2008; Werling et al., 2009 ). The TIR domain is similar to that of the interleukin 1 receptor that is highly conserved and interacts with adapter proteins, such as myeloid differentiation factor and TIRAP (also known as Mal; Verstak et al., 2009) . Ligand binding triggers homo-or heterodimerization of TLR and the subsequent recruitment of intracellular adapter proteins (Higuchi et al., 2008; Jin and Lee, 2008) . Multiple intermediates, such as TRAF6, IRAK family proteins, Ik-kinase family proteins, MAP-kinase, and transcription factors, including NF-κB family proteins, are involved in TLR-mediated signal transduction, leading to the expression of inflammatory cytokines, chemokines, and adhesion molecules (Beutler, 2005) . The structural analysis of ChTLR2 type 1 revealed that it contains 7 LRR motifs, one Cterminal (CT) LRR, one transmembrane domain, and one TIR domain. The ChTLR2 type 2 structure includes 8 LRR, one transmembrane domain, and one TIR domain (Figure 1) .
In a previous study, we reported the polymorphism of ChTLR1 and ChTLR5 . In this study, we cloned and sequenced the full length of ChTLR2 type 1 and type 2 RNA transcripts from 7 breeds of chickens to study the genetic polymorphism of ChTLR2 type 1 and type 2. The sequences of ChTLR2 type 1 and type 2 from the 7 breeds showed a variety of sequence patterns (Tables 2  and 3 ). The amino acid sequence analysis of ChTLR2 type 1 and type 2 from the 7 chicken breeds indicates that there are 10 sites in the amino acid sequence with varying amino acids, including 6 sites in type 1 and 4 sites in type 2 (Figure 2 ). Five polymorphic sites are located in the extracellular domain of type 1, including Q45R (Q45R means amino acid Q changed to R in site 45), L115P, H232Y, E284G, and T494A. One polymorphic site (I699T) is located in the cytoplasmic domain of type 1. Three polymorphic sites are located in the extracellular domain of type 2, including A22V, V66L, and I311V. One polymorphic site (H561I) is located in the cytoplasmic domain of type 2. It was reported that 5 amino acid variants (G225E, E301D, R343K, Y383H, and Q611R) are located within LRR of the extracellular domain of ChTLR4, and they are associated with the susceptibility of chickens to Salmonellosis (Leveque et al., 2003) . Because LRR or LRRCT are the functional domains of ligand recognition (Jin et al., 2007; Jin and Lee, 2008) , the variation of amino acids in L115P and T494A in the LRR or LRRCT domain of type 1 might affect the recognition of PAMP by ChTLR2 type 1. It was found that a TIR domain variant (D96N) results in the loss of MyD88 binding and reduced TLR2/ TLR4 signaling ). Because TIR is the functional domain of subsequent recruitment of intracellular adapter proteins (Werling et al., 2009) , the variation of amino acids in I699T in the TIR domain of type 1 might be connected with the signal transduction mediated by ChTLR2 type 1. The variant sites in ChTLR may be involved in the resistance or susceptibility of chickens to infectious diseases. Although we found amino acid variation in Q45R, H232Y, and E284G in type 1 and A22V, V66L, I311V, and H561I in type 2, it remains to be established how these variations affect responses to infection.
Significant differences in susceptibility to salmonellosis among breeds of chickens have been described (Calnek, 1997) . The lighter breeds appear to be more resistant than the heavy breeds (Calnek, 1997) ; however, the cause for the resistance of these lighter breeds to salmonellosis is unknown. As innate immunity is the first line of host defense, it is possible that the allelic variation in the ChTLR2 type 1 and type 2 may be connected with host defense. Among the chicken breeds we used in this study, Beijing Fatty and Laiwu Black chickens are more susceptible to Salmonellosis than HyLine variety brown, Beijing White 939, and Nongda No.3 Chickens. We found that Laiwu Black chickens have distinctive polymorphic sites in I699T in ChTLR2 type 1 and also H561R in ChTLR2 type 2. Beijing Fatty chickens have distinctive polymorphic sites in Q45R in ChTLR2 type 1 and also V66L in ChTLR2 type 2. Nongda No.3 chickens have distinctive polymorphic sites in L115P, H232Y, and T494A in ChTLR2 type 1. Hy-Line variety brown chickens have distinct polymorphic sites in I311V in ChTLR2 type 2. Beijing White 939 chickens have distinctive polymorphic sites in E284G in ChTLR2 type 1 and also A22V in ChTLR2 type 2. These findings may provide some clues toward the understanding of the resistance of lighter chickens to Salmonellosis. These data also demonstrate that the heterogeneity of chicken TLR proteins of various breeds is preserved in chicken breeds associated with breeding and selection (Leveque et al., 2003; Wigley, 2004) . Further studies will be done to verify the effect of these mutations.
To put the observed polymorphic sites in a functional context, the positions of the variable amino acids in the 3-dimensional structures of ChTLR2 type 1 and type 2 extracellular domains were visualized using the crystal structure predicted by CPHmodels 3.0 Server 3 Synonymous (n = 3) and nonsynonymous (n = 6) substitution. 3 Synonymous (n = 9) and nonsynonymous (n = 4) substitution.
(www.cbs.dtu.dk; Figure 3 ). The predicted structures of ChTLR2 extracellular domain are similar to those of previously reported TLR (protein data bank entry 3A79, 3A7C, 2Z7X, 2Z80, 2Z81, and 2Z82). It is likely that mutations at the external polymorphic sites may have a greater effect than those at the internal sites. Amino acids H232Y and E284G in ChTLR2 type 1 and V66L in ChTLR2 type 2 were located in the external portion of the extracellular domain ( Figure 3 ) and may be involved in the recognition of PAMP and play crucial roles in the initiation of immune responses. It is possible that the differences in amino acids will cause subtle differences in the structure of the protein, and thus, the ligand-receptor binding may alter (Jin et al., 2007; Jin and Lee, 2008 ).
In conclusion, we investigated polymorphic sites of ChTLR2 type 1 and type 2 among various poultry breeds and demonstrated their variation of amino acids within the ChTLR2 type 1 and type 2 proteins. Based on TLR2 polymorphism and its correlation with the susceptibility of humans and mice to bacterial infections, we propose that ChTLR2 type 1 and type 2 polymorphisms may be associated with the resistance or susceptibility of chickens to infectious diseases. This information may help to further understand the variation of resistance to diseases among different chicken breeds. It also provides new consideration for future poultry breeding and breed improvement.
